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Abstract. This paper presents 19 additional candidate 
clusters detected using the galaxy catalog extracted from 
the /-band images taken for the ESO Imaging Survey 
(EIS). The candidates are found over a region of 1.1 square 
degrees, located near the South Galactic Pole. Combined 
with the sample reported earlier, the number of candi- 
dates in the Southern Galactic Cap is now 54 over a total 
area of ~ 3.6 square degrees. Images in F-band are also 
available over 2.7 square degrees, and galaxy catalogs ex- 
tracted from them over a uniform area of 2 square degrees 
have been used to further explore the reality of the I clus- 
ter candidates. Nearly all the I candidates with estimated 
redshifts z < 0.5 are also identified in V. At higher red- 
shifts, only rich candidates are detected in both bands. 

Key words: Galaxies: clusters: general - large-scale 
structure of the Universe - Cosmology: observations 



1. Introduction 

The ESO Imaging Survey (EIS; Renzini & da Costa 1997) 
is the outgrowth of a concerted effort between ESO and 
its community to carry out an imaging survey and pro- 
vide candidate targets for the rapidly approaching first 
year of regular operation of the VLT. The main science 
goals of the survey have been described earlier (Nonino et 
al. 1998, Paper I, Prandoni et al. 1998, Paper III). These 
papers also include a detailed account of the survey ob- 
serving strategy, and of the data obtained for two of the 
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four areas covered by the survey (EIS patches A and B). 
One of the main goals of EIS is the compilation of a list 
of candidate clusters of galaxies, spanning a range of red- 
shifts. Following the timetable recommended by the EIS 
Working Group, lists of cluster candidates in the various 
areas covered by the survey are being prepared and made 
public as soon as they become available. In addition, an 
interface with the ESO Science Archive has been created, 
allowing image postage stamps of the candidates to be 
extracted for visual inspection and preparation of finding 
charts (see " fotp://www. eso.org/cis/cisjclcase.html '). 

A preliminary catalog containing 35 / cluster candi- 
dates identified in EIS patch A, was presented in a pre- 
vious paper (Olsen et al. 1998, hereafter Paper II). As 
emphasized in that paper, the goal has been to prepare 
a list of cluster candidates for follow-up observations and 
not to produce a well-defined sample for statistical anal- 
ysis. For the cluster search the matched filter algorithm 
was chosen, since it has been tested and used to analyze 
similar data by Postman et al. (1996). Moreover, by us- 
ing the same algorithm the results obtained here can be 
easily compared to those obtained by these authors. Since 
the data are public, other groups may produce their own 
catalogs using different methods. A comparison of various 
catalogs will be instructive in evaluating the strengths and 
weaknesses of different algorithms. 

While completeness is an important issue for statis- 
tical studies, the main concern of the EIS cluster search 
program is the reliability of the candidates and the min- 
imization of the number of false detections, to optimize 
any future follow-up work. To minimize contamination by 
spurious detections, the analysis has been restricted to 



2 



L.F. Olsen et al.: ESO Imaging Survey 



the most uniform surveyed areas. Moreover, the parame- 
ters adopted in searching for candidates have been conser- 
vatively chosen, using an extensive set of simulations, to 
minimize the contamination by noise peaks (Paper II). 

Another way of further testing the reality of the de- 
tections is to use data in different passbands. In Paper II 
candidate clusters were detected using only /-band data. 
Currently, however, U-band images are available for ~ 2.7 
square degrees. The availability of these data allows one to 
detect clusters in the U-band and cross-identify them with 
those detected in the /-band. The color information can be 
used: 1) to confirm the reality of detections directly from 
the cross-identification; 2) to confirm detections by identi- 
fying the expected sequence of cluster early-type galaxies 
in the color-magnitude (C-M) diagram; 3) to use the C- 
M relation to independently check the estimated cluster 
rcdshift. 

The goals of the present paper are to add to the list of 
EIS /-band cluster candidates those detected in patch B 
and to investigate what additional information the U-band 
data provides over the region where V and / images over- 
lap. 

2. The Data 

Although the original intention of EIS was to cover the en- 
tire survey area in V and /, this proved impossible due to 
the bad weather conditions in the period July-December 
1997. As a consequence, the observations in the U-band 
were discontinued after the completion of patch B, to 
enlarge as much as possible the area covered in /-band. 
Nevertheless, available U-band images overlap /-band ob- 
servations over an area of 1.2 and 1.7 square degrees in 
patches A and B, respectively. Due to varying observing 
conditions the quality of the data is not uniform over the 
entire overlap region. This can be seen from the seeing 
and limiting isophote distributions shown in Papers I and 
III. This information was used to eliminate regions with 
significantly shallower limiting magnitudes, due to poor 
transparency, and the following analysis is restricted to 
areas of ~ 0.9 (patch A) and ~ 1.1 (patch B) square de- 
grees. The median seeing value for all the observations in 
the area being analyzed is ~ 1 arcsec. 

The data were reduced using the EIS pipeline which 
routinely produces single-frame catalogs, that are associ- 
ated to produce the so-called even and odd catalogs (see 
Papers I and II) . This procedure has been performed inde- 
pendently for the V and / images, yielding two indepen- 
dent catalogs for each band and for each patch. Galax- 
ies have been selected from the /-band catalogs, adopting 
the same criteria as in previous papers of this series. As 
shown in Papers I and III the 80% completeness limits of 
the galaxy catalogs extracted from single exposures are 
typically V ~ 24.0 and / - 23.0. 



3. Results 

Using the various odd/even catalogs containing the ob- 
jects extracted from single frames (150 sec exposures) 
in both passbands, lists of clusters candidates are pro- 
duced for each patch and band using the cluster identi- 
fication pipeline based on the matched-filter method de- 
scribed in detail in Paper II. The cluster identification 
has been applied to the new /-band data from patch B 
(a ~ h 50 m , S ~ —29°), using the same parameters to de- 
scribe the cluster radial profile and luminosity function as 
given in Paper II. The detection of clusters from the V- 
band galaxy catalogs is carried out adopting M* = —21.03 
and V = 24.0 as the limiting magnitude of the galaxy sam- 
ple. 

In /-band, 19 new cluster candidates are found over 
the area of 1.1 square degrees analyzed in patch B, out 
of which 12 are "good" candidates, namely those detected 
at 4cr in at least one catalog, or at ~ 3tr in both /-band 
catalogs. In addition, there are 7 candidates detected at 
3<7 in only one catalog, nearly all at large redshift (z >0.6). 
The number of questionable candidates is consistent with 
that expected for noise peaks, about 5 in the area analyzed 
in Patch B. 

The above results are summarized in table [l] which 
gives: in column (1) the cluster id; in columns (2) and (3) 
the right ascension and declination (J2000); in column (4) 
the estimated redshift; in columns (5) and (6) two mea- 
sures of the cluster richness (see Paper II); in columns 
(7) and (8) the significance of the detections in the even 
and odd catalogs, respectively; in column (9) the signifi- 
cance of the detection using the galaxy catalogs extracted 
from the V images, as discussed below; and in column 
(10) other identifications. The upper part of the table lists 
the "good" candidates, while the remaining candidates are 
listed in the lower part of the table. Combining these de- 
tections with those of patch A reported in Paper II, in- 
creases the total number of cluster candidates to 54. Note 
that the detection with the largest significance is the clus- 
ter easily seen near the center of the patch. This cluster 
is Abell S84 at z ~ 0.1 (Abell, Corwin & Olowin 1989, 
Strubble and Rood 1987). 



Using the facility implemented in the ESO Science 
Archive for extracting image postage stamps from the co- 
added images, all cluster candidates in patch B were visu- 
ally inspected and most are found to be promising. While 
candidates in the lower part of the table are less conspic- 
uous, most do seem to be possible clusters. Out of the 
seven candidates listed in the bottom part of the table, at 
least 4 lie in a region where the limiting isophote varies 
significantly between the odd and even frames which may 
explain the fact that they were detected only in the odd 
catalogs. Note that 2 of them were detected in the V cat- 
alogs. From this examination one also encounters cases 
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Table 1. Preliminary Cluster Candidates for EIS Patch B. 



Cluster name 


a (J2000) 


8 (J2000) 


z 


A ci 


Nr 


w even 


&odd 


OV 


Notes 


EIS 0044-2950 


00 44 58.6 


-29 50 49.5 


0.3 


23.1 


20 


3.2 


3.6 


3.3 




EIS 0045-2923 


00 45 14.4 


-29 23 43.4 


0.2 


33.8 


100 


7.1 


7.1 


7.5 




EIS 0045-2948 


00 45 44.4 


-29 48 27.1 


0.5 


39.6 


29 


2.9 


3.2 


- 




EIS 0046-2925 


00 46 7.4 


-29 25 42.2 


0.2 


44.4 


26 


- 


6.9 


4.4 




EIS 0046-2951 


00 46 7.4 


-29 51 44.5 


0.9 


157.0 


2 


3.1 


3.2 


- 




EIS 0048-2928 


00 48 25.8 


-29 28 50.1 


0.4 


36.6 


31 


3.5 


3.6 


5.1 




EIS 0048-2942 


00 48 31.6 


-29 42 25.1 


0.6 


55.6 


13 


4.3 


4.1 


- 




EIS 0049-2931 


00 49 23.1 


-29 31 56.8 


0.2 


84.2 


48 


14.6 


14.8 


16.4 


S84 


EIS 0049-2920 


00 49 31.3 


-29 20 34.1 


0.3 


35.7 


13 


4.3 


4.0 


3.7 




JilB 0050-2941 


00 50 4.4 


on a i oct? 
-29 41 05.6 


1.0 


1 ro.3 


02 


3.4 


o n 
o.y 


2.9 




EIS 0052-2927 


00 52 49.5 


-29 27 57.2 


0.9 


121.5 


34 


3.5 


3.6 






EIS 0052-2923 


00 52 59.6 


-29 23 14.1 


0.2 


26.7 


14 


5.0 




5.8 




EIS 0044-2950 


00 44 36.5 


-29 50 12.2 


0.9 


128.1 


35 




3.6 






EIS 0045-2944 


00 45 0.8 


-29 44 57.7 


0.4 


35.5 


24 




3.3 


3.1 




EIS 0045-2951 


00 45 14.9 


-29 51 58.6 


0.8 


86.5 


15 




3.6 






EIS 0045-2929 


00 45 51.3 


-29 29 38.7 


1.1 


236.8 


6 




3.1 


2.5 




EIS 0046-2945 


00 46 19.5 


-29 45 47.1 


1.0 


285.6 


82 


3.6 








EIS 0046-2930 


00 46 29.6 


-29 30 57.4 


0.6 


51.4 


46 




3.0 






EIS 0050-2933 


00 50 40.5 


-29 33 36.6 


0.6 


54.3 


42 




3.4 







where superposition of clusters at significantly different 
redshifts may occur. 

Combining the above sample with the 16 candidate 
clusters identified in the region of patch A where color in- 
formation is available yields 35 candidates over a 2 square 
degree area corresponding to a density of 17.5 candidates 
per square degree. This value is consistent with the re- 
sults discussed in Paper II and with the value estimated 
by Postman et al. (1996). Fig. [l] shows the distribution 
of estimated redshifts for the combined sample. The me- 
dian estimated redshift for the whole set presented in this 
figure is z ~ 0.5. 

Cluster candidate detections in the U-band were cross- 
identified with 7-band detections listed in Table [|, and 
those listed in Paper II. The significance of the detections 
in the U-band for the case of patch B cluster candidates is 
given in column (9) of Table |l|. The shaded portion of the 
histogram in Fig. |l| shows the distribution of estimated 
redshifts for the cluster candidates also detected in V- 
band (whole sample). Out of 19 candidates with z < 0.5, 
17 (~ 90%) are also detected in U-band; for clusters at 
z > 0.5, 4 out of 16 are detected in U-band. This result 
is not surprising since the ability to detect clusters varies 
with redshift, with the redshift range of the V candidates 
being smaller than in /. Using the rule of thumb that the 
data should reach at least one magnitude fainter than m* 
at the redshift of a given cluster to allow for its detection, 
one can translate the galaxy catalog limiting magnitudes 
adopted in the cluster search into limiting redshifts for 
cluster detection. The /-band limit of / = 23.0 then trans- 
lates into a limiting redshift between ~ 1.0 (no-evolution 
model) and ~ 1.3 (passive evolution model). These val- 
ues are in good agreement with the results presented in 




Fig. 1. The estimated redshift distribution for the 35 clus- 
ter candidates detected in regions where color information 
is available in patch A and B. The shaded region marks 
the distribution for candidates detected in both i- and 
U-band. 



Paper II, and by Postman et al. (1996), where cluster de- 
tections are limited to z <1.1. Using the same argument, 
the U-band limit of V — 24.0 translates into a limiting 
redshift between ~ 0.55 (no-evolution) and ~ 0.7 (passive 
evolution). This argument is consistent with the above 
findings, providing strong support for the reality of the 
detected candidates. 

The probability of detecting a cluster also depends on 
its richness. Despite the small number statistics, nearby 
candidates not detected in V data tend to be poor, with an 
estimated richness close to the lower limit adopted for the 
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inclusion of a candidate in the catalog (A c ; ~ 30). At high- 
redshifts, only very rich clusters, probably with a large 
fraction of ellipticals, are detected in the two passbands. 
There are two such cases in the above table, but note that 
neither would have been included as cluster candidates 
based on the V detection alone. Their appearance on the 
images strongly suggests that both are at high redshifts. 
However, since some galaxies are seen in the V images, 
either their matched filter redshifts are overestimated or 
there are foreground concentrations leading to their de- 
tection in the V data. Only spectroscopic follow-up will 
be able to resolve such cases. 

The availability of data in two passbands can, in prin- 
ciple, provide an alternative way of confirming cluster can- 
didates and their estimated redshifts, based on the detec- 
tion of the sequence of cluster early-type galaxies in a C-M 
diagram. In order to investigate this possibility, a [I,V— I] 
diagram was produced for each cluster candidate, show- 
ing all galaxies within a radius of 0.75 h _1 Mpc (Ho = 
75 km s _1 /Mpc) from the nominal cluster center. Fig. || 
shows four examples of such diagrams, for cluster candi- 
dates identified in patches A and B, illustrating cases with 
estimated redshift in the range 0.2 < z < 0.6. Also indi- 
cated in the plot are the values of m*j and the color of a 
typical elliptical (no-evolution) at the estimated redshift 
of the cluster, as derived from the matched filter. At low 
redshift, the sequence of early-type galaxies is clearly vis- 
ible, but at z >0.5 the evidence for a C-M relation is, in 
most cases, less compelling. 

Considering the combined patch A and B sample, one 
finds that out of 35 clusters in the region of overlap of 
the V- and /-band images, there are 19 with evidence for 
a C-M relation, with redshifts extending out to z <0.6. 
Furthermore, the redshift estimates based on color and 
the matched filter seem to agree, in most cases, within 

0. 1. However, there are at least four cases where there is 
a strong suggestion that the matched filter has overesti- 
mated the redshift. 

4. Conclusions 

In this letter 19 additional / cluster candidates detected 
in EIS patch B have been presented. Clusters have also 
been detected from the galaxy catalogs extracted from 
the V images available in patches A and B. These clusters 
have been cross-identified with / detections, from which 
the following general conclusions can be drawn: 

1. About 90% of the cluster candidates with z < 0.5 and 
about 25% with z > 0.5, primarily rich clusters, are 
confirmed using the V candidates. This gives further 
support to the / cluster candidates listed here and in 
Paper II. 

2. Candidates at low-redshift show the C-M relations ex- 
pected for ellipticals, serving as an independent con- 
firmation of the candidate clusters. They also provide 
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Fig. 2. Color-magnitude diagrams observed for four clus- 
ter candidates with estimated redshifts in range of z = 0.2 
to z — 0.6, as indicated in each panel. Also shown are the 
values of m} and the expected colors of typical ellipticals 
at these redshifts (see text). The left panels are candidates 
in patch B and the right panels from patch A. 

an independent redshift estimate, which is in general 
consistent with the estimates from the matched filter 
method. 

3. The well-defined C-M relations seen in at least ~ 50% 
of the cases, most of them with z <;0.5, provide the 
possibility of selecting individual galaxies for follow- 
up spectroscopy to measure more accurate redshifts 
and velocity dispersions. 

The above results demonstrate the usefulness of V- 
band observations for the robust detection of clusters. 
However, to extend the additional leverage provided by 
the color information to redshifts larger than z ~ 0.5 re- 
quires V exposures deeper than those obtained for EIS. 
This option should be considered for future surveys using 
wide-field cameras, in particular in the Pilot Survey (Ren- 
zini 1998) to be conducted at the ESO 2.2m telescope. 
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